Purpose: Intracranial hypotension has been reported as a complication of accidental drainage after surgical treatment in several cases. Application of negative pressure systems (wound drains, VAC ® -therapy, chest tube drainage) had typically led to severe intracranial hypotension including intracranial hemorrhage and tonsillar herniation. In the last year the authors observed 2 cases of accidental spinal drainage of CSF in patients with neurological deficits, regressing after reduction of the device suction. Material and Methods: We conducted a systematic PubMed-based research of the literature to study the variety and frequency of the reported symptoms from 1st of January 1980 until 1st of October 2015. Results: Reviewing the literature 24 relevant citations including 27 reported cases of posttraumatic or postoperative loss of CSF leading to neurological symptoms were identified. All 15 reported cases in which a negative pressure suction device had been applied showed severe neurological and radiological symptoms such as coma or brain herniation and intracranial hemorrhage. In all cases patients recovered rapidly after removal of the suction device. Milder symptoms were observed in the patients without negative pressure suction, mainly only presenting with headaches or cranial nerve involvement. Additionally, we give an overview about current recommendations regarding cranial and spinal imaging to rule out dural laceration and cranial hypotension.
Introduction ! Intracranial hypotension may ensue spontaneously after dural puncture or accidental (intraoperative) surgical opening of the dura [1 -3]. As a complication of this, several cases of accidental drainage after surgical treatment and application of negative pressure systems (wound drain, VAC ® -therapy, chest tube drainage) have been reported. Under these circumstances severe intracranial hypotension leading to tonsillar herniation and subdural hemorrhage has been reported [4 -7]. In the last year the authors noticed 2 cases of accidental drainage of CSF in which patients showed neurological deficits which were regressive after reduction of the device suction. In times of increasing use of negative pressure suction devices, the reported condition presents an important differential diagnosis. To the authors´knowledge this is the first review that systematically investigates the frequency and variety of emerging symptoms.
Methods

!
An English-language PubMed database search using combinations of the descriptors "intracranial hypotension", "intracranial hypovolemia", "spinal CSF leak", "lumbar drain", "subdural hematoma", "subdural hygroma", "tonsillar herniation", "overdrainage", "coma", "suction", "dural tear", "accidental drainage" and "cerebrospinal fluid" was conducted regarding the period from 1 st of January1980 until 1 st of October 2015.
Results
!
Reviewing the literature, 24 relevant citations including 27 reported cases of posttraumatic or postoperative loss of CSF leading to neurological symptoms were identified (• ▶ Table 1 ). All 15 reported cases in which a negative pressure suction device had been applied showed severe neurological symptoms. Milder symptoms were observed in the 10 patients without negative pressure suction. In 2 patients it could not be clearly determined from the literature whether a suction drain had been applied.
Etiology
Fractures of the skull base [8] and the spine [9] can cause traumatic dural tears. In addition spontaneous CSF leaks may occur in approximately 5/100 000 patients [2, 3, 10, 11] . If the loss of CSF exceeds its production, intracranial hypotension may ensue [2, 9]. Traumatic dural tears mostly occur after severe spinal trauma. In a retrospective observational study 13 % of all patients with traumatic cervical spine injury featured a dural tear [12] . Patients with initial poor neurological state and disruption of the ligamentum flavum were more often affected [11] . Likewise, 25 % of lumbar burst fractures exhibited dural tears; all of these patients showed a neurological deficit [12] . Despite the dural tear, none of the studied patients exhibited critical intracranial hypotension [13] .
Clinical Presentation
Clinical presentation of intracranial hypotension is heterogenous [1] . Typical neurological symptoms of CSF overdrainage include nausea, emesis, diplopia, orthostatic headaches, dizziness, difficulties in hearing, visual blurring [2, 10] and cranial nerve palsy [14, 15] . Current publications report on reversible coma, intracranial vasospasms [17] or even stroke and death due to intracranial hypotension [11] . After a loss of CSF of around 10 % a dilatation of cerebral sinuses, a sagging of the brain and therefore tension on sensible vessels, nerves and meninges leads to headaches [18] .
Reported complications by application of negative pressure suction devices Postoperative wound drains
Several reports of patients with severe neurological symptoms after spinal surgery and application of suction drains exist [5, 16, 20 -24] . An overview of a few cases of postsurgical intracranial hypotension after mainly cranial and only in 2 cases spinal surgery reports about similar symptoms after opening of the dura [19] . Of sixteen patients who remained unconscious or did not become fully responsive after surgery, 4 died and 2 showed brain stem signal intensity changes in MRI. All patients had rapid intraoperative/postoperative CSF loss documented on CT and/or MR imaging studies. The authors came to the conclusion that intracranial hypotension after intracranial and spinal surgery with dural opening is potentially life threatening if patients are left with a subfascial suction drainage. Similar cases about comatose patients with secondary pseudohypoxic brain swelling after lumbar laminectomy [5] and after thoracic and lumbar spondylodiscitis surgery have been reported [25] . The initial operative procedure in these cases was extradural. In all cases epidural suction drains (Jackson-Pratt drains) were placed in the tissue bed and the initially oriented patients became comatose. Cranial imaging showed subarachnoid hemorrhage and signs suggestive of cerebral anoxia. The fluid from the drain in one case was positive for β-2 transferrin indicating CSF ▶ Increasing use of negative pressure suction devices makes the reported condition an important differential diagnosis for radiologists Citation Format: 
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ported to be most consistent with acute intracranial hypotension relating to acute loss of CSF. Two patients in the literature presented with neurogenic shock after posterior lumbar interbody fusion (PLIF). One patient showed bradycardia and the other developed cardiac arrest just after the surgical incision was closed and the drainage tube opened. In these cases incarceration of multiple cauda equina rootlets after the accidental dural tear by suction drainage seems to have caused a sudden decrease of cerebrospinal fluid pressure and traction of the cauda equina, which may have led to the vasovagal reflex. This shows that not only cranial but other lifethreatening conditions can occur. 
Report of a new Case
A previously unreported patient underwent lumbar stabilization. A suction drain was applied in the tissue bed and in the postoperative course the patient developed a global aphasia and disorientation. The head CT showed a frontal hygroma on the right and an effacement of the sulci (• ▶ Fig. 1A, B) . The drain was removed immediately and the neurological symptoms of the patient fully recovered on the same day. A control CT three days later was normal (• ▶ Fig. 1C, D) .
VAC ® therapy
Recently we have reported about a polytraumatized patient with a life-threatening event of intracranial hypotension after VAC ® wound therapy [7]. This patient had suffered a pelvic fracture after a motor vehicle accident. Initial cranial CT was normal (• ▶ Fig. 2) . After application of a VAC ® wound dressing, the initially oriented patient became nonresponsive. The following cranial CT showed signs of intracranial hypotension (• ▶ Fig. 3 ). Pneumorrhachis in native CT indicated a dural tear (• ▶ Fig. 4 ) which was confirmed by CT myelography at L5 / S1 level (• ▶ Fig. 5 ) and consequently the VAC ® was removed. After application of a dural patch the patient was oriented post-operatively and the cranial CT improved to a normal state (• ▶ Fig. 6 ).
Chest tube drainage
Posttraumatic CSF loss with loss of consciousness and tonsillar herniation has been reported as a complication of chest tube drainage after spinal injury [6] . The patient presented to the trauma service awake, alert, and oriented with an isolated gunshot wound leading to a complete spinal cord injury at T12. A chest tube was placed, and the patient was found to be comatose with complete absence of brainstem reflexes 3 hours after admission. MRI and autopsy revealed diffuse cerebral edema, occlusion of the bilateral posterior cerebral arteries, and tonsillar herniation extending several centimeters below the foramen magnum, with petechial hemorrhages and absence of gliosis. Another case of tonsillar herniation and syringomyelia after brachial plexus avulsion and reconstructive surgery with a cerebrospinal fluid leak between the cervical subarachnoid space and the pleural cavity has been reported [26] . The patient showed a persistent right pleural effusion for about four months after reconstructive surgery for a right brachial plexus avulsion. Initially present headaches had worsened considerably after two aspirations of the pleural effusion. MRI demonstrated signs of chronic intracranial hypotension and tonsillar herniation with a presyrinx cavity from vertebral level C1 to C7. Plexus brachial MRI confirmed the presence of a cerebrospinal fluid leak between the avulsed root of C8 and the pulmonary apex. After dural closure, the patient's headaches immediately resolved, and MRI four months later showed resolution of cerebellar tonsillar herniation and regression of the syrinx.
Radiological Examination
Cranial Imaging Typical imaging signs of intracranial hypotension which can be depicted in CT and MRI include "slit like" lateral ventricles, subdural fluid collections and effacement of sulci, as well as the downward transtentorial herniation of the brain with the "sagging brain" appearance [1, 19, 27] . Imaging modality of choice is an MRI of the head. Features include thickening and enhancement of the dura after contrast application, enlargement of venous structures with dilation of the intracranial dural sinuses and spinal epidural plexuses, and engorgement of the pituitary gland [1, 19] . Moreover hyperintensities in the thalamus/basal ganglia, brain stem, and cerebellum have been reported as a possible result of impaired drainage through the internal cerebral veins and the vein of Galen into the straight sinus [19, 25] . Subdural hygromas, often bihemispheric and with an infratentorial predominance, usually are named as a typical imaging finding [3, 19] . However, they were only found in 30 % of patients and did not correlate with clinical outcome parameters [19] .
Spinal Imaging
A possible indication for traumatic dural laceration may be pneumorrhachis, well discernible in CT [13, 28] . With MRI, dural tears can be detected using fluid-sensitive and fat-suppressive sequences. Typical are fluid collections along the paravertebral tissue and spinal nerves [29] . MRI is the modality of choice for depicting plexus injuries and nerve root avulsions which can be associated with dural laceration [30, 31] . For this purpose MR neurography shows first promising results [32, 33] . Using CT or MR myelography with adjunction of intrathecal contrast medium loss of CSF can directly be detected [7, 34, 35] . However, this contains a risk of herniation or postpunctional CSF depletion.
Conclusion
!
In most of the cases with severe neurological symptoms, in addition to the dural tear, extra negative pressure had been applied. This implies that apart from the dural tear, additional factors such as suction of cerebrospinal fluid are needed to induce severe symptoms. In conclusion, patients with suspected dural laceration complicated by accidental drainage of CSF can present with life-threatening conditions. Increasing use of negative pressure suction devices makes the reported condition an important differential diagnosis so that acute intracranial hypotension should be considered as an explanation of postoperative coma after cranial or spinal surgery. A precise radiological examination can help to rule out dural laceration and intracranial hypotension. Abb. 5 Die CT-Myelographie; A sagittale und B axiale MPR zeigt ein Liquorleck auf Höhe L5/S1 rechts.
